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Abstract: With the complexity of fire scenarios and the increasing risk of fire, there was an urgent need for high-
performance fire-resistant insulation fibers to be better developed in the market to protect firefighting and rescue
personnel. In this work, we used layer-by-layer self-assembly technique to alternately coat food-grade sodium
hexametaphosphate and biomass chitosan mixed with two-dimensional nanomaterials M(OH)(OCHj3) (M=Co, Ni)
on the surface of aramid nonwoven fabric (ANF), and prepared novel ANF composite materials. The results show

that after heating from room temperature to 800°C in air, the char yield of the 15 bilayer (BL) coated sample
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(CMP/ANF-III) increases from 1.59wt% (pure ANF) to 20.55wt%, significantly enhancing its thermal stability.
CMP/ANF-III exhibits lower peak heat release rate (PHRR) and total heat release (THR), which are 48.90% and

58.57% lower than ANF, demonstrating a significantly improvement in flame retardancy. In the vertical flame test,
the damaged length of CMP/ANF-III reduces to 2.4 cm (while that of the pure ANF is 9.0 cm). In the fire resistance

and insulation test, pure ANF burns through in 12 s, while CMP/ANEF-III remains unharmed for 120 s, and the back-

side temperature greatly drops to 335°C (while the pure ANF is over 500°C). The analysis of residual char reveals

that CMP/ANF-III generates a dense char layer after combustion, effectively blocking the spread of flame and

thermal convection with the matrix, thereby improving the flame retardancy and thermal insulation properties of

non-woven fabric. Gas phase product analysis shows that CMP/ANE-III can release non-combustible gases (Such as

CO,, H,0, NH;, etc.) at lower temperatures, performing a gas phase flame retardant function. The ANF nano-

composite material developed in this work supports the development of a new generation of highly efficient fire-

resistant and thermal protective clothing.

Keywords: nanocomposite; coating; aramid fiber; flame retardancy; thermal insulation

T (AF) & — M Eth e L g, B SR .
MR BB, EMas o [ B 2 40 0
Jz L AR R H AT AR B AR B b R
— T B R Mk B F R, SR, BfE
KR Sy ) 2 A0 R fa B e 3G, i FH RO R
SRR AT k. BREIVEERESE T R R, B S
AF = h LI 2 . JLHAE SR Kb, TE B
R AT s e W B A PR A e R . A
M, TAAT E— B 4R AR P TR KRR PR B
PERE, DLIE N S HT TS i 6 K, Rk i 4,
A AR AR

JZ )2 A 41%¢ (LBL) £ AR &l B . B &
SRR, FEAR AR R AL A AN R D RE R 47
REATNREM IO T - E e aepEr, Hodr,
P FEL U2 B 2 e D B e o A IS S B iR A A B
PH B8 5% R M o A v, R R AH S H A 22 (R Y
VB 4R R 3K 3 {2 Ha i oo )2 DO AR B4 iR L
TEA I R T i 52 U 78 P AP D RE W 43 o LR R 1T
oW TR RERZ M. B, LiED
I HIAE W 43 ol 22 B, IE H P R o 28 il R 6
(LS) Fi5E KM (CS) FEAR LY R AT 38 B L )2 )2
YU, Wl T B BRI AN A T BE R AR £F
el Wy M R AE LU FE e R A R . R R AN
SeRBENIERL, )22 A AR A AL
R T EY AR )Z . T4k, HokEZ
(R 5 & R FH 90K 2 A HR B 58 LBL IR 2, DLtk
—LREmAgE G MRS R, BN, Zhou
S5 LBL F A, g Rl R R ALY 5 Y
THEOLF, it E AF RIS E H 413 Sio, 40K il
il MgAlFe JZ2 IR WUA A LY (LDH), 45 1 Yife
fk. AF (BL-AFs), #5845 KW, 3K LBL IRk 2K

TR TCYi i (ANF) K409 1006 2 . i 4
PE . I PERE RIS Ah R . Wang 4510 3 ] 9
9 IYi i VE R F A, FIH LBL 8 AR TiyC,T, Ml
Fe,O, A K ki vk T 210, #il# T H AR, &
WE M ERE S . AR LR L, R R A
TR FE 21 W) 3% T TR A R T N PR ) SR R A A b
(PDMS), Wt H R 4rfmif kv . 28 bl s, A
20 KR 4 R B S R 4 K R A5 o — A iR
LBL IR)JZ0PERE, C M AL 4 haefb it e Ay
M FEARFBEZ —. R0, HF LBLAKE A2
AR T % M B, HATHaE 98k & & ok
AR, # WA Sio" . MXene™ | TiO,"™,
WA KA A A B R Znot A 5 R
THRENReZ Mtk as | Hit, R
TF & B R PR BRI MR, AR E AR E A
BERAAEENE X, WEETHA4HE Eir
PERE AT B

N T k4R ANF (G B AR Bk g, AR
S & —FpoBr RN K &2 & LBL IR 2, JERIAIZ R
JZE 25 A mamt k. BRI 5 DI RE Y ANF 44k
AMR . R A SRR TR
YN TIF 8 7 D 8 T 0 4 0 4 Sk PR BS 7 /BR B8 F 50
F ARl & o o, i — R B 2R 4R gk
#1# M(OH)(OCH;) (M=Co, Ni) 3 5 Ix )= P fiE, H:
B R T A5 0 v 55 LR 390 % BB AR 38 bl A AL i 4 7
Z AT B AE ST RS2 0T, AR TR BF Y ANE 4 K
SRR Ry — AR v AT K 7 7 R 2 1 A A R R
Z o
1 LB BRAE
1.1 JE##

F5 4 T Yi i (ANF) i T 95 BILJE 3 61 kA BR 2



2628 -

EEMRER

H R AL, MR 100 g/m?, DU K Z R B (AR,
>99.5%) Fl DU 7K Z MR %l (AR, =99.5%) I [ [H 24
A A BRA A . B BE (AR, =99.5%). 4 B
(AR, =99.8%). &M H:7CHbE (BR, >80.0%) /N
TRBERR AN (AR, =99.7%) W F _F i BT Rz T A (L B4
JBedn A BRA W

1.2 M(OH)(OCH,)(M= Co, Ni) B # &

K5 DU 7K 2R B AN DY K 2, FR B 4% IR Ni/Co JBE /R
Pl 9RG WM T WL, 8508 HE 5 F A SR I
W R4 W 180°C [ N 48h, T4 5 15 23k 48
@k K BI M(OH)(OCH3) (M=Co, Ni) 44K 44 %}

1.3 ANF @Kk ESH B EH &

% ANF ¥ T NaOH ¥ & (0.3 mol/L) 1 80°C 7K
W 30min, Z )5 7E 60°C Bt AH (LK 2%,
DHG-9146A) H' T/ 1 h 17 fiAb 3 . HE FIRA
W45 . F 6.00 g M(OH)(OCHS,) 7E 400 mL 2 5 1
KAy BT S 30 min, 5 E] K A, #1017 g
(0.025 mol) #& H 3E5¢ T T 600 mL 2 257K,
AW B o BBl A MR B e IR B L
1: 484G ZJE, KRG W8 AL P 15 min Jf-4i
FF 15min, B HITAWRE, BERIZHE IR
AW

FH B -1 W il % 2 K% 7.95 g (0.013 mol) 7
BEIREMYS T 500 mL £ & T K, 15205 7R

W Wi Ab BE S /) ANFIZ A BH B F IR & W,
I min J5 BUE T 60C HLAF R L+ T )E, K

ANF IR ANE FHEWES LRSS B, HEF . F
BT HRASHRRE KN 1BL, Z2RSEGRE)R,
il FH PH B IR B WE M AN 2 o S 45 B A%
5BL. 10BL J% 15BL [ ANF 44K 52 & 61k, 409
it 4 CMP/ANF-I. CMP/ANF-II fl CMP/ANF-III,
J35h, il — 4 B E W R & M(OH)(OCH,)
Y 15 BL AE fh/E X R 4L, ic & CP/ANF., ANF 4
KA MR 52 TR L 1,

l
.. metaphosphate /

~ e

1 JFRETHETYiA (ANF) 90K E SRR &

Fig. 1 Preparation of aramid nonwoven fabric (ANF) nanocomposites
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Table 1 Basic data of composites

Composite LBL layer count Thickness/mm Quality/g Thickening rate/% Mass gain rate/%
ANF 0 1.20 2.99 - -

CMP/ANEF-I 5 1.31 5.51 9.17 84.28
CMP/ANF-II 10 1.36 6.80 13.33 127.42
CMP/ANF-III 15 1.40 8.07 16.67 169.90

CP/ANF 15 1.37 7.76 14.17 159.53

Notes: The CMP/ANF composite material system consists of the following components: C—Cationic solution; M—Nanoscale material
M(OH)(OCHj;); P—Anionic solution; ANF—Aramid nonwoven fabric substrate. One bilayer (1 BL) is defined as the sequential deposition
of a cationic polyelectrolyte solution and an anionic polyelectrolyte solution. A 15 BL control sample (designated as CP/ANF) was
fabricated using a cationic polyelectrolyte solution without M(OH)(OCH3;) incorporation.
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Fig.3 SEM images of the surface of ANF (a), CMP/ANF-I (b), CMP/ANF-II (c), CMP/ANE-III (d); SEM images of the cross-section of ANF (e),
CMP/ANF-I (f), CMP/ANF-II (g), CMP/ANE-III (h); Low magnification SEM images of the cross-section of ANF (i), CMP/ANF-I (j),
CMP/ANF-II (k), CMP/ANEF-III (1)
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Fig.4 SEM images and its elemental analysis mapping of the surface (a) and the cross-section (b) of CMP/ANF-III
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Table 2 TG and DTG results of composites I R B B A BRI, 3 5 A IR M %
Composit Ts/  Tmax/  Rmax/ Char residue/ PRI A b ) 45 R AT o
omposite T T %CY)  wi%
ANF 273 596 ~0.94 1.59
CMP/ANF-I 69 535 -0.63 14.85
CMP/ANF-II 69 561 -0.61 17.42
CMP/ANF-IIl 70 571 -0.55 20.55

Notes: T;,—Temperature at 5wt% quality loss of composite;
Tmax— Temperature of the maximum quality loss of composite;
Rpx—Maximum mass loss rate of composite; Char
residue—Residue mass of composite.
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Fig.7 Damaged length of ANF (a), CMP/ANF-I (b), CMP/ANF-II (c),
CMP/ANF-III (d) in vertical flame test
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Fig. 8 Infrared thermal imaging images of ANF (a), CP/ANF (b), CMP/ANF-II (c), CMP/ANEF-III (d) exposed to flame
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Fig.9 Demonstration of fire resistance and thermal insulation performance of ANF composites: (a) ANF; (b) CP/ANF; (c) CMP/ANE-III
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Fig. 10 Infrared spectra of residual char of ANF, CP/ANF, CMP/ANF-III
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Fig. 11 XPS spectra of residual char of CMP/ANE-III
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Fig. 12 XRD patterns of residual char of ANF, CP/ANF, CMP/ANF-III
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Fig. 13 SEM images of residual char of ANF, CP/ANF, CMP/ANE-III after combustion
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